The main purpose of this study is to evaluate the suspended particulates (PM 10 ) in the atmosphere under unstable atmospheric conditions. The variation of PM 10 was investigated and primary statistics were employed. The results show that, the PM 10 concentrations values ranged from 6.00 to 646.74 g m ). In addition, the effect of weather elements (air temperature, humidity and wind) on the concentration of PM 10 was determined. The multiple R between PM 10 and these elements ranged from 0.05 to 0.47 and its value increased to reach 0.73 for the monthly average of the database used. Finally, the PM 10 concentrations were grouped depending on their associated atmospheric stability class. These average values were equal to 122.80 ± 9 g m −3 (highly unstable or convective), 109.37 ± 12 g m −3 (moderately unstable) and 104.42 ± 15 g m −3 (slightly unstable).
Introduction
Adam [1] reviewed that the diurnal variation of temperature near the ground is one of the key characteristics of the atmospheric boundary layer (ABL) over land. The convective atmosphere constitutes the daytime unstable ABL. It consists of thermal plumes, that is, updrafts surrounded by large downdrafts. They grow in the morning with the solar heating of the surface of the earth. In the ABL, the air flow is turbulent because of two different mechanisms: friction with the surface and surface heating by the sun. Adam and El Shazly [2] evaluated the atmospheric stability at Qena and studied its diurnal variation which define the turbulent state of the atmosphere and also reflect its dispersion capabilities through the period from 2001 to 2004. They found that there are transitional hours in which the stability conditions change from the stable nighttime period to the unstable daytime hours (6:00 and 7:00 LST). During the daytime hours (8:00-15:00 LST), the atmosphere tends to be primarily unstable with some neutral condition. In addition, no occurrences of stable conditions were found in this period of time. This study is to assess the level of air pollution under unstable conditions after the transitional hours at midmorning hours (9:00-11:00 LST). This time is chosen because it is usually a period of a high traffic and increase of the human activities. Moreover, earlier studies of the diurnal cycle PM 10 concentrations observed elsewhere around the world show two peaks: one at midlate evening, 19:00-01:00 LST, and the other one at midmorning, 8:00-11:00 LST (e.g., [3] [4] [5] [6] [7] [8] [9] ). However, Corsmeier et al. [10] explained that at the midlate evening, peak in PM 10 concentrations is associated with wood burning emissions during evenings. During this period domestic emissions are at a maximum and, especially during anticyclonic weather patterns, are emitted into very shallow boundary layers, resulting in the accumulation of pollutants near the surface. In addition, Trompetter et al. [11] mentioned that the peaks observed during the morning period were traffic related sources alone and were unlikely to be a significant source of pollution. It has therefore been hypothesized that vertical mixing of elevated layers of pollution stored aloft down to the surface may account for the increased morning concentrations at the surface. According to the World Health Organization (WHO) assessment of the burden of disease due to air pollution, more than 2 million premature deaths can be attributed to the effects of urban outdoor air pollution and indoor air pollution every year. More than half of this disease burden is founded by the populations of developing countries [12] . Several published scientific studies indicate that there is an association between air pollutants to which people are routinely exposed and a wide range of adverse health outcomes: Krupnick and Portney, [13] ; Hall et al. [14] ; Sommer et al., [15] ; Martuzzi et al., [16] ; Hall et al., [17] ; Scammell, [18] . In addition, Egyptian Environmental Affairs Agency (EEAA) reported that air pollution is one of the most important challenges and obstacles facing Egypt which have a major impact on increasing rate of development in all fields. However, the problem had emerged with the significant increase in various manufacturing processes and its accompanied emissions in air. Moreover, the terrible increase of vehicles number operated with fossil fuel (as results of the increase of population number) which is considered the worst cause of air pollution despite the fact of their necessity to modern life emits large quantities of gases [19] . The main legal instrument dealing with environmental issues in Egypt is Law 4/1994 which is commonly known as the law on protection of the environment. The law deals mostly with the protection of the environment against pollution. Law 4/1994 also stipulates the role of the EEAA as the main regulatory agency for environmental matters. Article 35 of the environmental law 4/1994 and article 34 of its executive regulations define the maximum permissible levels of pollutants in ambient air. The national standard of the concentration of suspended particulate matters (PM 10 ), in terms of maximum permissible limits and exposure period, is 70 g m −3 (24-hrs) [20, 21] . At Qena (26.2 ∘ N, 32.7 ∘ E, and 96 m above mean sea level), there are several reasons for suspended particulate matters in the atmosphere. The main sources are sand and soil from the western and eastern hills which overlook the city, dusty roads with incomplete garbage removal, and the manmade processes such as agriculture, vehicles, and industry [22] . Qena is a place of many factories such as aluminum factory, two factories of sugar, and a factory of cement [23] . Furthermore, through the period of this study, there are emissions from mechanical scrapings such as construction work in new Qena city, reclamation of desert land for agriculture, and continuous drilling and building to complete the camp of South Valley University (see Figure 1) . So, this work focuses on the study of suspended particulate matters (PM 10 ) at Qena. Many sources offer good descriptions of Advances in Meteorology 3 PM 10 concentrations in Egypt such as Sivertsen and El Seoud [24] , Elminir et al. [25] , Elminir [26] , and Zakey et al. [21] . However, Sivertsen and El Seoud [24] reported that the annual average concentrations of PM 10 range between 100 g m −3 and 200 g m −3 in urban and residential areas and between 200 g m −3 and 500 g m −3 near industrial areas. In addition, Zakey et al. [21] have evaluated the PM 10 concentrations at 17 sites representing different activities (industrial, urban, and residential) in Greater Cairo area. They found that the PM 10 concentrations were generally high with yearly average values of 170 ± 25 g m −3 . Moreover, at the region of this study, Adam [27] mentioned that the turbidity diurnal variations were very limited during the most hours of the day except for sunrise and sunset hours. He studied theÅngström turbidity coefficient ( ) through the period from 2001 to 2004, and the maximum hourly values of were 0.208 (at 07.00 LST). This behavior may be due to the frequent occurrence of inversions, allowing for the dispersion of aerosols [28, 29] .
The main aim is restricted to assess the level of particulate matters with an aerodynamic diameter ≤10 m (PM 10 ) at midmorning hours (9:00-11:00 LST). In addition, the effect of weather elements on the concentration of suspended particulates (PM 10 ) was investigated. Moreover, the atmospheric stability at the midmorning hours (9:00-11:00 LST) was determined, and the PM 10 concentrations were grouped depending on their associated atmospheric stability class.
Site and Data Set
The site of this study is located at South Valley University at Qena (26.20 ∘ N, 32.70 ∘ E, and 96.00 m above mean sea level). Figures 1(a) and 1(c) illustrate the map of Egypt and the location of studied area at Qena ( * refers to SVUmeteorological research station). Qena is a city in the southern part of Egypt with 220,000 inhabitants (2009 estimate), capital of Qena governorate with 3.0 million inhabitants (2006 estimate) and an area of 1,800 km 2 , situated on the east bank of the Nile between the western and eastern desert (Figure 1(a) ). It lies within the subtropical region, and its terrain is semidesert. The climate of Egypt is characterized by small-scale depressions moving across the Great Sahara. This is due to khamsin depressions (March to May) and Sudan monsoon trough (September to December). The weather associated with these depressions is generally hot, dry, and dusty. From March to May, dry and strong southwesterly winds tend to occur over northern Africa when a desert depression develops and passes over strong baroclinic zone extending from west to east parallel to the southern Mediterranean coast [30] . Accordingly, the climate of Qena is characterized by a hot season from March to October and a cold season from November to February. In addition, a phenomenon of Qena climate is the hot spring wind that blows across all Egypt. This wind usually arrives in April, but occasionally occurs in March and May [31] . Additional detail about particular cases of a Sahara cyclones and subsynoptic phenomenon can be found in the work by Hassan [32] .
The South Valley University (SVU) meteorological research station (Figure 1(c) ) measured the particulate matters from 9:00 to 11:00 LST (2 hours). As a result, this study deals with 288 data of PM 10 samples which represent the PM 10 concentrations for midmorning hours (9:00-11:00 LTS) during the period 2002-2003. Ten months (Jul. 02 to May 03) PM 10 samples were collected during the period of this study. The number of samples represents more than 80% of the days for the all months in this study (except 57% for Feb. 02). The shortage of the samples in February and the unavailable data in March are due to technical reasons which were related to the sampler. Approximately, these months represent the different two seasons: hot season period (173 samples) and cold season period (115 samples).
Graseby-Anderson (GMW) PM 10 Sampler (Model 1200 and serial no. 715) was used to collect atmospheric PM 10 in this meteorological research station. This sampler is used to sample particulate matters with an aerodynamic diameter of 10.00 micron and less. The inlet head is symmetrical and therefore insensitive to wind direction and relatively insensitive to wind speed. The PM 10 sampler draws air into a specially shaped inlet at a flow rate of 40 ± 4 cubic feet per minute. PM 10 particulate matters are collected on an 8 × 10 inch matted quartz fiber filter surface. The concentration of PM 10 particulate matters (in micron grams per cubic meter, g m −3 ) is calculated by weighing (Sartorius balance, TE 214S, max. 210 g, d = 0.1 mg) the particulates collected on the filter and dividing by the measured air sample volume. Complete operational details are contained in instruction and operation manual High Volume PM 10 Sampler [33] . The Egyptian meteorology authority is responsible for the scientific advice and calibration of the Egyptian Monitoring Network. The PM 10 sampler is calibrated according to a quality assurance plan for air monitoring.
In the current study, the used data of atmospheric stability during the midmorning hours (9:00-11:00 LST) was provided by Adam and El Shazly [2] . However, Pasquill-Gifford stability classes were derived from the average values of global solar radiation (GSR), wind speed (Ws), and cloud amount (CA) during the interval from 9:00 to 11:00 LST. Measurement of these parameters was carried out at Qena by SVUmeteorological research station. However, the atmospheric stability was classified, according to Pasquill-Gifford, as A (highly unstable or convective), B (moderately unstable), C (slightly unstable), D (neutral), E (moderately stable), and F (extremely stable). Later, stability G is also included to represent low wind nighttime stable conditions [34] . 10 . In this study the variation of PM 10 concentrations was investigated to assess the collected data. ) during the period of this study. In addition, primary statistics of these data were estimated. These statistics include the average (Ave.), maximum (Max.), minimum (Min.), coefficient of variance (CV), and a number of available samples ( ) for each month, hot season, cold season, and all period of measurements. , respectively. The monthly mean of PM 10 reflects a remarkable variation from month to month. This behavior may be due to the change of the atmospheric conditions such as wind speed, wind direction, humidity, and solar insulation levels (the effect of these atmospheric conditions on PM 10 will be studied in the next section). It can be seen that the high concentrations were recorded in April and May (155.17 g m and 171.82 g m −3 , resp.). This behavior may be due to dry southwesterly winds that tends to occur over northern Africa when a desert depression develops and passes over strong baroclinic zone extending from west to east parallel to the southern Mediterranean coast. The features which specify the khamsin weather conditions (causes rising sand, sand storm, and temperature) have attracted the attention of many meteorologists in Egypt and was considered by their studies (e.g., [30, 32, 35, 36] ). Wind direction data were recorded in the mentioned interval (9:00 to 11:00 LST). Approximately, the wind direction is from the southwesterly direction in Qena area during the time of the measurements (wind from sector 225-285
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∘ occurred during 66% of the time of these measurements, see Figure 1(b) ). Both, the wind direction and wind speed are crucial parameters for these severe conditions. In addition, the low PM 10 concentrations were noted in February and December (73.86 g m −2 and 74.05 g m −2 , resp.). Low winter-time temperature (22 ∘ C) often results in stable weather conditions that aggravate the effects of particle emissions from the urban traffic [21] . The coefficient of variation (CV) which is defined as the ratio of the standard deviation to the mean values gives an indication of the dispersion of the values [37] . CV values are equal to 72.30%., 68.34%, and 64.87% for all period, hot season, and cold season, respectively. These values are relatively high and may be due to the variability of meteorological conditions (see the next section). The highest values of CV were recorded in April (87.90%). In April, it is expected due to the relatively high instability of the local climate during this time interval, that is, there is a high variation in climatic conditions from one day to another [38] . This variation in climatic conditions may be due to the hot desert cyclones known as the khamsin. The atmospheric stability (in April) was identified as A (11.90%), A to B (35.71%), B (16.67%), B to C (9.52%), C (16.67%), C to D (4.76%), and D (4.76%).
Moreover, the distribution of the samples at different PM 10 concentration classes was employed to illustrate the difference between the levels of PM 10 in both seasons. These classes are ≤50, 51-70, 71-100, 101-200, 201-300, 301-400, 401-500, 501-600, and 601-700 ( g m −3 ). The percentage of samples for each class to the total samples (288) in the hot season period ( ℎ ), cold season period ( ), and all measurement period ( ) was estimated and illustrated in , PM 10 levels for cold season was higher than PM 10 levels for hot season, while the opposite happens at classes >70 g m −3 . The high values of PM 10 levels in the hot season may be connected with the high insulation levels and strong convective processes characteristic of arid regions. Accordingly, the fine dust particles are easily lifted to high altitudes and horizontally transported by synopticscale atmospheric disturbances to the areas thousands of kilometers away from their source regions [39] . Adam and EL Shazly [2] have studied the atmospheric stability during the period from 2001 to 2004 to explain the convective processes characteristic of the area of this study. They found that during the daytime hours (8:00-15:00 LST), the atmosphere tends to be primarily unstable with some neutral conditions. They concluded that these results seem reliable if one considers the nature of the atmosphere in the study region with respect to the behavior of global solar radiation, wind speed, and clouds amount. They illustrated that the average hourly values (9:00-11:00 LST) of global solar radiation vary from 91.00 mW cm
through the hot season period to 60.00 mW cm −2 through cold season period with annual average equal to 81 mW cm −2 . In addition, the winds are light at most of the year. The average hourly value (9:00-11:00 LST) of wind speed was 2.65 m s 10 Level. Earlier studies (e.g., [40] [41] [42] [43] ) reviewed that the meteorology plays an important role in ambient distributions of air pollution. The importance of meteorological factors in the transport and diffusion stage of air pollution cycle is well recognized. The entering of pollutants from the ground surface, their residence in the atmosphere, and the formation of secondary pollutants is controlled not only by the rate of emission of the reactants into the air from the source, but also by wind speed, turbulence level, air temperature, and precipitation. Thus, it is often important to understand the physical processes leading to an observed concentration of pollutants at a given point. The variation of meteorological variables ( , Rh, and Ws) is shown in Figures 2(b) , 2(c), and 2(d) for the intervals of the measurement samples (9:00-11:00 LST) through the period under study. Although [44] mentioned that the rainfall is one of the reasons for low particulate pollutants as the pollutants are washed out by rain, this factor is not important at Qena (it lies within the subtropical region characterized by hot and dry weather). Wet deposition by precipitation or wet removal is one of the main mechanisms for removal of aerosols from the atmosphere. In addition, this particulate pollutant changes the precipitation pattern and spins down the hydrological cycle. First, statistics of meteorological variables for the intervals of the measurement samples (9:00-11:00 LST) through 2002-03 are listed in Table 3. This table includes . Through the study period, the average in hot season) . The humidity ranged between 5% and 67% during the study period. The maximum humidity was noted in January, and minimum humidity was recorded in July, August, November, and December. The seasonal averages of humidity varied from 24.85% (in hot season) to 33.75% (in cold season).
The Effect of Meteorological Factors in PM
In addition, atmospheric stability was identified as A (14.04%), A to B (33.68%), B (25.61%) , B to C (6.67%), C (15.09%), C to D (3.16%), and D (1.75%). During this interval, the atmosphere tends to be primarily unstable (A-C) with some neutral condition (D). No occurrences of stable conditions (E-G) were found in this period of time. These results seem reliable if one considers the atmosphere of the study region that is related to the behavior of GSR, Ws, and CA. As mentioned above, the suggestion of Pasquill and Gifford for determining the nature of convection is based on the variation of these parameters. These results reflect clearly that Qena is characterized to high extent with unstable Advances in Meteorology 7 atmosphere. This deduction is very important for the future of the dispersion of the pollutants in this region, owing to the fact that unstable atmosphere strengthens the dispersion of the pollutants both vertically and horizontally [2] . Figure 2 (e) shows the atmospheric stability classes for the midmorning hours through the period of this study. Correlation analyses were carried out to quantify the relationship, if any, between the meteorological variables ( , Rh, and Ws) and PM 10 for each month, hot season, cold season, and all the samples. These correlation coefficients ( ) have been done to assess the relationship between PM 10 and these meteorological variables. Table 4 summarized these results. For all cases, the results showed that there is no significant correlation between PM 10 and these meteorological parameters. The values of were weak ( < 0.5). In contrast, a significant correlation was found between the monthly average of PM 10 and temperature ( = 0.5). [5] in Northern Sweden. They found low correlations ( < 0.5) between PM 10 and the weather parameters ( and Ws). They explained that this is associated with the large variability of wind direction (Wd) that was very frequently observed in connection with low Ws. In this study, PM 10 concentrations at midmorning with respect to wind directions for whole measuring period are presented in Figure 4 . The PM 10 concentrations were at higher values when prevailing wind direction was in the sector 225-285 ∘ (see Figure 1(b) ). Wind from sector 225-285 ∘ occurred during 66% of the time of these measurements. One of the possible explanations might be that the most polluted location, the main road to South Valley University, is opened from S-SW direction where the big crossroad with a highway. Another reason could be the influence of the great source of air pollution from mechanical scrapings and other human activities to complete the camp of South Valley University. Multiple correlation coefficients have been employed to assess the relationship between PM 10 and these meteorological variables, and the results were presented in Table 4 . From this table it was noted that particulate pollutants PM 10 showed a significant correlation with these parameters in April (multiple ≈ 0.50). In addition, multiple is statistically significance ( -statistics = 3.62 * ). As mentioned previously, in April, it is expected due to the relatively high instability of the local climate during this time interval [38] . This variation in climatic conditions may be due to the hot desert cyclones known as the khamsin. Highest PM 10 concentrations were also affected because of wind speed. Wind affects turbulence near the ground, thus affecting the dispersion of pollutants released into the air. Turbulence (largely the up and down motion of air) is generated in part by airflow over rough ground. The greater the wind speed, the greater the turbulence and hence the greater the dispersion of pollutants that are near the ground [45] The value of multiple increased ( = 0.73) for the case of the monthly average of PM 10 and the weather variables ( , Rh, and Ws).
In order to see a clearer effect of the air temperature ( ) on PM 10 , further analysis was employed. The PM 10 values were classified according to the corresponding air temperature in 1 ∘ C intervals. Then, the averages of PM 10 values per each interval were estimated. Figure 5 (a) shows the relationship between ( ∘ C) and the average values of PM 10 for each interval. The value of between them is equal to 0.54. Although, the correlation between PM 10 and for each case is a weak (see Table 4 ), there is a correlation between the average of PM 10 for each interval and ( = 0.54). However, the value of does not guarantee that the regression line can fit the data well [46] . A statistical analysis to determine if is statistically significant was applied. The relation between the residuals of the average of PM 10 for each interval and as independent variable was implemented. The residual plot is shown in Figure 5(b) . This figure shows a random pattern for the values of these residuals. Accordingly, the linear relationship between the average of PM 10 for each interval, and provides a good fit to the data. In addition, the value of -statistics was equal to 2.00 * ( * refers to significance of at confidence level 99%). Therefore, the value of is statistically significant. This indicates that the values of average PM 10 for each intervals increase linearly with increased . Krecl et al. [5] have classified PM 10 according to the corresponding air temperature in 5 ∘ C intervals. A trend between the average values of PM 10 for each interval and the corresponding air temperature (−30 to 10 ∘ C) was evident. For the positive range of , they found that the PM 10 increased with increasing . In addition, El Shazly [47] mentioned that the high dust content in the lower atmospheric layers arising from the well-developed vertical mixing of dust particles owing to the high temperature.
Finally, the PM 10 concentrations were grouped depending on their associated atmospheric stability class (A, A to B, B, B to C, and C). Then, the average concentration values of PM 10 per each class were estimated. The values were 122.80 ± 9, 117.41 ± 7, 109.36 ± 12, 104.57 ± 8, and 104.42 ± 15 ( g m −2 ), respectively. Concerning the atmospheric stability classes C to D and D, the average PM 10 concentrations are not considered statistically relevant. This is due to the fact that Advances in Meteorology 9 both classes showed a low frequency of occurrence during the study period (4.76%). The variability of PM 10 according to the change of atmospheric stability classes is expected. This may be due to the variability of the dispersion coefficients in horizontal ( ) and vertical ( ) directions. However, Adam and El Shazly [2] estimated and , by a method based on a stability classification of the atmospheric conditions (after [48] ), at Qena during the period from 2001 to 2004. They found that the values of and decreased with increasing instability conditions.
Conclusions
The present study is to assess the levels of PM 10 at subtropical urban area. The database used values of PM10 under unstable atmospheric conditions. By making use of the available information, the following conclusions are drawn to the best of our knowledge about the PM 10 and its relationship with the weather elements at the study region. The results could be summarized in the following outcomes.
(i) For the midmorning hours (9:00-11:00 LST), PM 10 concentrations showed average of 114.32 g m (iii) PM 10 was shown a poor correlation with both Rh ( ranged from −0.12 to 0.32) and Ws ( ranged from −0.26 to 0.16). Although a weak correlation between PM 10 and was found ( ranged from −0.27 to 0.37), the values of between the averages of PM 10 for each interval values of temperature (1 ∘ C) and was equal to 0.54. In additions, for the monthly average values there is a significant correlation that was found between the PM 10 and temperature ( = 0.5). The monthly average of the PM 10 and the weather elements showed a significant correlation. The multiple was equal to 0.73.
(iv) Under unstable atmospheric conditions, the PM 10 concentrations decrease with decreasing instability of the atmosphere. The average values of PM 10 were equal to 122.80±9 g m −3 (highly unstable or convective), 109.37 ± 12 g m −3 (moderately unstable), and 104.42 ± 15 g m −3 (slightly unstable).
